Micromonospora and Salinispora species form single spores on short or long sporophores; Actinoplanes, Dactylosporangium, Pilimelia and Virgisporangium species form sporangia; Catellatospora, Asanoa, Catenuloplanes, Couchioplanes, Longispora, Actinocatenispora, Polymorphospora and Spirilliplanes species form spore chains; Verrucosispora species do not form aerial mycelium or sporangia; Actinoplanes, Dactylosporangium, Pilimelia, Catenuloplanes, Couch- ioplanes and Spirilliplanes spores show motility; Catenuloplanes and Couchioplanes species have lysine instead of meso-diaminopimelic acid as the diamino acid of the peptidoglycan. The genus Actinoplanes (Couch, 1950) emend. Kroppenstedt 1987 (Stackebrandt and Kroppenstedt, 1987) is a member of the family Micromonosporaceae (Krasil'nikov, 1938) emend. Stackebrandt et al. 1997 (Stackebrandt et al., 1997 . Organisms placed in the genus Actinoplanes are characterized by the presence of spherical, cylindrical, digitate, lobate, bottle or flaskshaped or very irregular sporangia; sporangiospores are motile with tufts of polar flagella; aerial hyphae are scant. The peptidoglycan contains meso-diaminopimelic acid, which may be replaced by hydroxydiaminopimelic acid. Xylose is the diagnostic sugar of whole-cell hydrolysates and small amounts of galactose and/or arabinose are also frequently found. Phosphatidylethanolamine is the diagnostic phospholipid. Iso-/anteiso-branched and monounsaturated fatty acids and/or cis-9,10-octadecanoic acid (oleic acid) are predominant. The predominant isoprenoid quinone is MK-9(H 4 ). The GϩC content of DNA ranges from 72 to 73 mol%. The type species is Actinoplanes philippinensis Couch. Morphological and chemotaxonomic properties of these three strains, 3-9(24) T , 3-21(27) and 7-40(26) T , that formed spherical sporangial structures on substrate mycelia resembling the genus Actinoplanes, have been isolated from sandy soil samples from Chokoria and Kasturi Ghat, Cox's Bazar, Bangladesh. On the basis of their 16S rDNA sequences, phylogenetically they formed a lineage within the family Micromonosporaceae but not within any existing genera of the family. Therefore, we propose that the isolates should be included in a new genus Luedemannella.
Materials and Methods
Strains 3-9(24) T , 3-21(27) and 7-40(26) T were isolated from sandy soil collected in Chokoria and Cox's Bazar, Bangladesh. Strains were isolated using the standard dilution plate method and grown on humic acid-vitamin agar (HV) (Hayakawa and Nonomura, 1987) supplemented with cycloheximide (50 mg L
Ϫ1
), nystatin (50 mg L
) and nalidixic acid (20 mg L
). After 21 days of aerobic incubation at 30°C, the strains were transferred and purified on yeast extract-malt extract agar [(medium 2 of the International Streptomyces Project (ISP medium 2)] and maintained as working cultures on yeast-starch agar containing soluble starch, 15.0 g; yeast extract, 4.0 g; K 2 HPO 4 , 0.5 g; MgSO 4 · 7H 2 O, 0.5 g; and agar, 15.0 g in 1 L of distilled water (pH 7.2) (JCM medium 61).
Strains 3-9(24) T , 3-21(27) and 7-40(26) T were grown on sucrose-nitrate agar (Waksman medium 1) and 1/5 yeast extract-starch agar media at 30°C for 21 days and then observed by light and scanning electron microscope (model S-2400 Hitachi, Tokyo, Japan). The sample for scanning electron microscopy was prepared as described by Itoh et al. (1989) and Ara and Kudo (2006) . The phenotypic properties were examined using several standard methods. For cultural characterization, the isolates were grown for 21 days at 30°C on various agar media as described by Waksman (1950 Waksman ( , 1961 ; Shirling and Gottlieb (1966) and Asano and Kawamoto (1986) (Table 1) . The Color Harmony Manual (Jacobson et al., 1958 ) was used to determine the names and designations of colony colors. The temperature range and NaCl tolerance for growth were determined on yeast-starch agar (JCM medium 61). Utilization of carbohydrates as sole carbon sources was tested by using neutralized yeast nitrogen base without amino acids as a basal medium according to the method of Stevenson (1967) . Production of melanoid pigments was examined using tyrosine agar (ISP medium 7). The freeze-dried cells used for chemotaxonomic analyses were obtained from cultures grown in yeaststarch broth (JCM medium no. 61) on a rotary shaker at 30°C. The isomers of diaminopimelic acid (DAP) in the cell wall peptidoglycan were determined by using TLC as described by Staneck and Roberts (1974) . Reducing sugars from whole-cell hydrolysates were analyzed by the HPLC method of Mikami and Ishida (1983) . The N-acyl group of muramic acid in peptidoglycan was determined by the method of Uchida and Aida (1984) . Phospholipids in cells were extracted and identified by the method of Minnikin et al. (1984) .
Methyl esters of cellular fatty acids were prepared and analyzed according to the instructions of the Microbial Identification System (MIDI) (Sherlock Microbial Identification System; MIDI, Hewlett Packard, Palo Alto, CA, USA) (Sasser, 1990) . Isoprenoid quinones were extracted by the method of Collins et al. (1977 Collins et al. ( , 1984 and were analyzed by a HPLC equipped with a Cosmosil 5C 18 column (4.6 by 150 mm; Nacalai Tesque, Kyoto, Japan). Preparation and detection of methyl esters of mycolic acids were carried out as described by Tomiyasu (1982) .
Genomic DNA extraction, PCR-mediated amplifica- tion of the 16S rRNA gene, and sequencing of the PCR products were carried out as described by Nakajima et al. (1999) . The sequences were multiply aligned with selected sequences (Fig. 1 ) obtained from the GenBank/EMBL/DDBJ databases by using the CLUSTAL X program package (Thompson et al., 1997) . The alignment was manually verified and adjusted prior to construction of a phylogenetic tree. A phylogenetic tree constructed by the neighbor-joining method (Saitou and Nei, 1987) in the CLUSTAL X program package (Thompson et al., 1997) was based on the comparison of 1,339 nucleotides present in all the strains as a result of elimination of gaps and ambiguous nucleotides from the sequences (Escherichia coli position number) and Streptomyces ambofaciens was used as an outgroup. The confidence values of branches of the phylogenetic tree were determined using bootstrap analyses based on 1,000 resamplings (Felsenstein, 1985) . DNA was isolated from biomasses by the method of Tamaoka (1994) and Saito and Miura (1963) with minor modification as follows: achromopeptidase crude (Wako Pure Chemicals), N-acetylmuramidase SG (Seikagaku Kogyo) and lysozyme were used for lysing cells (Kudo et al., 1998) . In case that cells failed to be lysed by these enzymes, the cells were freezedried and mechanically ground as described by Raeder and Broda (1985) . The GϩC content of the DNA was determined using the HPLC method of Tamaoka and Komagata (1984) . An equimolar mixture of nucleotides for analysis of DNA base composition (Yamasa Shoyu, Choshi, Japan) was digested by bacterial alkaline phosphatase and used as the quantitative standard. DNA-DNA relatedness was measured fluorometrically using the microplate hybridization method devised by Ezaki et al. (1989) . Hybridization was carried out at 55°C for 2 h. Signature nucleotides in the 16S rRNA gene of new taxa and members of the family Micromonosporaceae were determined after manually verification of the CLUSTAL X alignment of sequences and the nucleotide positions were numbered according to the corresponding position in the 16S rRNA sequence of E. coli (Brosius et al., 1978) . The nucleotide sequence data reported in this paper will appear in the DDBJ, EMBL and GenBank nucleotide sequence databases with the accession numbers listed in Fig. 2 .
Results and Discussion
The isolates 3-9(24) T , 3-21(27) and 7-40(26) T were gram-positive, non-acid-fast and aerobic organisms with branched hyphae. A non-fragmenting substrate mycelium was formed. Morphological observations by light microscope of a 21-d-old culture grown on sucrose-nitrate agar and 1/5 yeast extract-starch agar revealed the presence of single or clustered spherical to irregular sporangia on substrate mycelium ( Fig. 1 ). Observation by scanning electron microscope indicated that the spherical to irregular structures were variable in size (ϳ3.0-5.0 mm). Spores in sporogenous hyphae in the sporangium were nonmotile. The spores were spherical to oval shaped with a smooth surface and loosely arranged in sporogenous hyphae ( Fig. 1 ). Although morphology is the sole criterion used to distinguish genera in the family Micromonosporaceae, strain 3-9(24) T , 3-21(27) and 7-40(26) T formed irregular to globose sporangia on substrate mycelium, which resembled the sporangia of the genus Actinoplanes under light microscope and scanning electron microscope. The isolates 3-9(24) T , 3-21(27) and 7-40 (26) T were distinguished from the genus Actinoplanes based on 16S rDNA sequence analysis and by the absence of motile spores (Table 5 ). Further, 3-9 (24) T , 3-21(27) and 7-40 (26) T differ from the genus Actinoplanes in menaquinone pattern and fatty acid contents (Table 3) . Unlike members of the genus Actinoplanes, however, which usually develop motile arthrospores within the substrate mycelia arranged in chains inside sporangial wall, they contain MK-9(H 4 ) and MK-10(H 4 ) in their cell 
Cultures were incubated at 30°C for 3 weeks. Aerial mycelium and pigmentation were not formed on all of the agar media tested. Color designations and codes in parentheses were taken from the Color Harmony Manual (Jacobson et al., 1958) . Growth and sporulation on aerial mycelium are scored as: (ϩϩ), good; (ϩ), moderate; (Ϯ), doubtful/poor; (Ϫ), no growth and no spore formed; *, V 8 canned vegetable juice (Campbell Soup Co.); ND, not detected.
wall (Table 5) .
The physiological properties of strains 3-9(24) 
D-mannose, L-rhamnose, salicin, lactose, a-D(ϩ)melibiose, sucrose, maltose and trehalose; grew well at 20-30°C and pH 6-9 and could not grow on 2% NaCl (Table 2) . Chemotaxonomic properties have been found to be an important contribution to the polyphasic approach to bacterial systematics, especially in the circumscription of phylogenetically coherent actinomycete taxa Kroppenstedt and Goodfellow, 1991) . The family Micromonosporaceae is a taxon mainly defined by chemotaxonomy and our isolates, 3-9(24) T , 3-21(27) and 7-40(26) T , shared chemotaxonomic characteristics with members of this family as follows: cell walls contained meso-diaminopimelic acid and glucose, xylose galactose, mannose, rhamnose, ribose and arabinose as the whole cell sugars indicating the whole-cell sugar pattern D according to Lechevalier and Lechevalier (1970) . The major menaquinones MK-9(H 6 ), and MK-9(H 4 ) and small amounts of MK-9(H 2 ) and MK-9(H 8 ) were present. Our isolates have different predominant menaquinone patterns from those of the other genera of the family Micromonosporaceae (Table 3) .
The strains 3-9(24) T , 3-21(27) and 7-40(26) T composed of branched anteiso-C 17 : 0 (30.0-38.0%), anteiso-C 15 : 0 (12.5-14.0%), iso-C 16 : 0 (10.0-15.0%) and iso-C 15 : 0 (10.0-12.0%) and small amount of saturated C 17 : 0 (3.0-10.0%), unsaturated C 17 : 1 w8c (3.0-5.0%) and branched iso-C 17 : 0 (2.5-3.4%), indicating fatty acid type 2d of Kroppenstedt (1985) (Table 4) . Mycolic acids were absent. Phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol and phosphatidylinositol and phosphatidylinositol mannosides were detected, corresponding to phospholipid type PII of Lechevalier et al. (1981 (1,500 nt, 1,496 nt and 1,506 nt ) of strains 3-9(24) T , 3-21(27) and 7-40(26) T were determined in this study.
The phylogenetic position of the isolates is within the confines of the family Micromonosporaceae (Fig. 2) but form a lineage distinct from described organisms. Table 6 . It is evident in our study that of the 11 signatures defined for the family Micromonosporaceae (Stackebrandt et al., 1997) , all are present in the 16S rRNA gene sequences of the strains 3-9(24) T , 3-21(27) and 7-40(26) T except for the "U-A" pair at position 139-224, "A" at position 381, the "A/G-C" pair at position 656-750 and the C-U pair at position 999-1041. Further that several nucleotide pairs differentiating the new taxon Luedemannella from the members of the family Micromonosporaceae are shown in Table 6 . The distinctness of the 16S rRNA sequences, phylo- (2006) and Maldonado et al. (2005) . *, according to the classification of Lechevalier et al. (1977) ; **, according to the classification of Kroppenstedt (1985) ; ϩ, present; Ϫ, absent; ND, not determined; Xyl, xylose;
Gal, galactose; Man, mannose; Rham, rhamnose; Rib, ribose; Ara, arabinose. 
Nucleotide positions of bases or base pairs are given according to the E. coli numbering (Brosius et al., 1978) .
genetic position and the specific signature nucleotide patterns of the 16S rRNA gene of strains 3-9(24) T , 3-21(27) and 7-40(26) T differentiated them from known actinomycetes belonging to the family Micromonosporaceae and for that reason these isolates merit new genus status. Moreover, on the basis of morphological, physiological, chemotaxonomic, and phylogenetic criteria and signature nucleotide patterns of the 16S rRNA gene, the strains 3-9(24) T , 3-21(27) and 7-40(26) T are readily distinguishable from the closest genera Catellatospora and Actinoplanes and other motile actinomycetes mentioned above and warrant a new taxon. Therefore, we propose the strains 3-9 (24) T , 3-21(27) and 7-40(26) T be classified in a new genus, the genus Luedemannella, whose the type species is Luedemannella helvata sp. nov.
Description of Luedemannella gen. nov. Luedemannella (Lue.de.mann.ella. N.L. adj. Luedemannella, referring to G. M. Luedemann, a Russian actinomycetologist who contributed to the taxonomy of the family Micromonosporaceae).
Cells are gram-positive, non-acid-fast, aerobic organisms with branching hyphae. Non-fragmenting light wheat-to honey gold-colored substrate mycelia are present. Spores are found borne in spherical shaped sporangia (ϳ3.0 to 5.0 mm) on substrate mycelium. Several spores are present per sporangium, and the spores are spherical to oval (ϳ0.2 to 0.4 mm) with a smooth surface and nonmotile when they are suspended in sterile distilled water. The organism utilizes D-glucose, L-arabinose, D-xylose, D-galactose, D-mannose, L-rhamnose, salicin, lactose, a-D(ϩ)melibiose, sucrose, maltose and trehalose. The organism grows well at 20-37°C and pH 5-9 and neither could grow on 3% NaCl. The organism shows good growth on yeast extract-malt extract agar (ISP medium 2), oatmeal agar (ISP medium 3), Bennett agar, glucose-yeast extract agar, Hickey-Tresner agar, yeast extract-starch agar (JCM medium 61) and 1/5 yeast extract-starch agar (JCM medium 202). The cell wall contains mesodiaminopimelic acid, and Wall chemotype is II. Galactose, mannose, glucose, xylose and rhamnose are detected as the major whole cell sugars in addition to small amounts of ribose and arabinose, indicating that the whole-cell sugar pattern is D. Major menaquinones are MK-9(H 6 ) and MK-9(H 4 ) and small amounts of MK-9(H 2 ) and MK-9(H 8 ) are present. In general, branched anteiso-C 17 : 0 (30.0-38.0%), anteiso-C 15 : 0 (12.5-14.0%), iso-C 16 : 0 (10.0-15.0%) and iso-C 15 : 0 (10.1-12.0%) and small amounts of saturated C 17 : 0 (3.0-10.0%), unsaturated C 17 : 1 w8c (3.0-5.0%) and branched iso-C 17 : 0 (2.5-3.4%) are present, indicating fatty acid type 2d. Mycolic acids are absent. Phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannosides are present. The acyl type of the cell wall is glycolyl. The GϩC contents of DNA are 71 mol%. The genus is placed in the family Micromonosporaceae on the basis of phylogenetic position of the strains based on the distinct 16S rRNA gene sequences. All familyspecific nucleotide signatures of 16S rRNA gene are present except for the "U-A" pair at position 139-224, "A" at position 381, the "A/G-C" pair at position 656-750 and the C-U pair at position 999-1041. The type species is Luedemannella helvata.
Description of Luedemannella helvata sp. nov.
Luedemannella helvata (hel.va'ta. N.L. adj. helvata honey yellow referring to the color of the substrate mycelium).
Morphological, chemotaxonomic and general characteristics are as given above for the genus descriptions. The organism shows moderate growth on ISP medium 4, ISP medium 3, Hickey-Tresner agar, sucrose-nitrate agar, yeast extract-starch agar (JCM medium 61), oatmeal-nitrate agar, 1/5 yeast extractstarch agar (JCM medium 202), sucrose-beef extract agar, ISP medium 1, and 1/20 V 8 juice agar; poor growth on glucose-asparagine agar, glycerol-asparagine agar, tyrosine agar (ISP medium 7), nutrient agar, tap water agar, and humic acid-vitamin agar; and negative growth on ISP medium 6 and 1/10 yeast extract-malt extract agar. Melanin pigment production on ISP medium 7 is negative. Abundant sporulation occurs on nutrient agar, sucrose-nitrate agar, yeast extract-starch agar, 1/5 yeast extract-starch agar, and 1/20 V 8 juice agar, and moderate sporulation occurs on glucose-asparagine agar, glycerol-asparagine agar, tyrosine agar, yeast extract-malt extract agar, oatmeal agar, Bennett agar, glucose-yeast extract agar, HickeyTresner agar, tap water agar, and oatmeal-nitrate agar. In general the vegetative mycelia are shell to melon yellow in color and aerial mycelia are not present. Morphological, chemotaxonomic and general characteristics are as given above for the genus descriptions. The organism shows moderate growth on yeast extract-malt extract agar, and oatmeal-nitrate agar, and poor growth on glucose-asparagine agar, glycerolasparagine agar, ISP medium 4, ISP medium 7, nutrient agar, tap water agar, and sucrose-nitrate agar. Melanin pigment production on ISP medium 7 is negative. Abundant sporulation occurs on glucose-asparagine agar, ISP medium 5, ISP medium 4, tap water agar, and 1/5 yeast extract-starch agar; moderate sporulation on ISP medium 7, glucose-yeast ex- 
